nor is the influence of grade discussed. The general law is laid down — 
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tion small pipe s sewers, which 


as _ discharge at least once in 24 hour rs. “The relation between the size 
? of ‘the ‘sewer pipe and t the amount of wales used in a flush is not giv en, 


that all laterals, regardless of size, grade, or contributing population, 


must be supplied with flush-tanks in order to pooure a y 
— 
flow i in 1 the laterals and to maintain the : integrity of the system. pare 24 


7 
financial burden o of such a requirement is is evident. As an 


- ample, it may be cited ‘that i in in the ‘plans for the sewerage sy stem. of 


Ithaca, N. Y., in which this requirement of flush-tanks was thoroughly 
complied wit with, for the 12% grades, less less than 131 flush- tanks: 
we required i in 25. 3 3 miles of sewers, or one fer every 1 020 t ‘The 


relative ‘importance of the flush- \-tanks may also be seen comparin 


a 
ig 
j Nore.—This Soc opinions advanced 
| 
4 
FLUSHING IN PIPE SEWERS. 
— 
“4 The use of flush-tanks in conne Dey a — a 

q has been made an integral part of the “Separate System aud gener- 

ally adopted in systems caring only for house sewage, is attended with 
a much uncertainty. Insuch systems it is generally specified thataflush- 

4 
4 

— 
| | 
i 


id 


$6 550, o or > than 8% the cost of 
- would seem, then, that the cost of flush-tanks is by no means inaigni®i- 


neatly o one-tenth, besides introducing a permanent ‘charge, both for 


the « case sof Ithaca. the ‘tanks required are re of only 150 
5 galls, capacity, ,aminimum amount, discharging ‘but once a day, the 


3 water r required is 19 650 galls. a day. 2 wenty cents per 1 000 galls. : 
(the amount t charged in ‘Ithaca*) is | a fair average amount, and at 
that price the daily charge for water is $3.93 or $1 434. 45 per year. 


ding 1 to ani $600 ) per year as the wages of a mec chanic, whose con- 


“capitalized at 6%, ‘Gives $33 and, added to the | 


$40 458 as the total expenditure on account of flush-tanks in a sewer 
system cos costing for p pipe laid $81 000. . Surely the item of flush-tanks is is: 


an important one, and should be carefully examined, so that if the 
- conditions of the sewer grade, for example, modify the necessity for 


r if the amount of water is a function of the time interval be- 
preva flushes, or of the size of the Pipe, it may be known i in order “ 

that the large proportionate ‘cont of ‘flushing may be reduced to 


A has been found by careful investigation to be an absolute te minimum, 


<a the requirement given above i is felt by present- day engineers a q 


a to be largely i in excess of necessity is sufficiently evident from a study 


we. of the paper by F. 8. Odell, M. Am. Soc. C. E., entitled “‘ The bane’ 
rate Sew er WwW ithout Automatic F Flush- Tanks,"t ax and 1 the 


no are used 


shows a very wholesome and satisfactory condition. ib the: diseus- 


go chiefly that while ‘automatic tanks do | not i in _them-— 


— = of the tanks. 

4 
— 
— . 
— = 
— («| 
— 
— 
— ix months, even this infrequent flush- = 
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“need, under certain conditions, fo Sushing, then 


yet not tally 4 determined. 


ran 
"disposal of flush- on mn a sewer system, « are wre four, vi viz. 


is the relation, if between the grade of the sewer 


the necessity for automatic  flush-tanks? 


2. Assuming a need for. automatic ic tanks, how does the of the 
sewer affect the amount of water and what is the proper 


3. How often should t tanks 
‘effect does the substitution of a 6-in. for an 8-i in. lateral 


Before answer these question, it well t to 


the subject broadly, consider the problem involved. 


= lintels velocity | of hand is sufficient to keep this solid matter in oo 
pension. This s suspending an and scouring power probably depends | on 
‘ the velocity, and on the depth, of the sewage stream, and if either gets ee 
below a certain | ‘point, ‘sedimentation will follow and a deposit take 
place. is generally stated that a velocity of of about t 23 ft. per second | 
is required but the effect of ‘depth is neglected. At the lower end of 


6-in, lateral depth and assumed to | be sufficient to to 


— 
= 
— 
: 
= 
| = 

— 
q 
= 
im 
— 
grows lem toward: the 


accum until the 


‘sewer is blocked, until the head the up sewage is 


cient to ¢ carry awa} tad the obstruction, or until the discharge of the +h 


it in suspension. ‘Table No. 1, and the. Fig. 1, 


_ to show the requirements i in grade t to maintain | a velocity of 2 ft. per 
second a 6-in. lateral, assuming a ‘constant contributing population 


76 p persons per 100 ft. of sewer, with a asily flow” of 60 galls. per 


TABLE No. 


1750 


a ‘The he diagram (Fig. 1) shows that, taking m equal to 0.1 013, and com- — 

puting ng velocities by Kutter’ 8 s formula, a grade of 1% is , required for a 


. ; 6-in. pipe half full for a velocity. of 2.5 ft. per sec ond, and that if the 4 


amount of flow constantly decreases, the depth of tow decrenses also, 
and the grade, in order to maintain the same velocity, must be in- 4 


creased according to the | di agram. The diagram is is given for two 


retically, on grades that ‘no flushing would be necessary, sir since, 
with grades which continually increase toward the upper one, the « cor- 


responding \ velocities would always be equal to that required to trams- 


port a matter in _ Suspension ; ; second, that as the grade of the sewer 


‘ Sr - increases, the distance from the upper end to the point wi where > the stream 4 
required to matter in suspension decreases, 


; to show that by the accepted laws governing the trans- 


ae the transporting power of the stream ow the 
— 
— 
— 
— 
— 
— 
— 

4 
— 
— 
a 

4 
— 
— 


ons “every 66 ft., this. is 


the case, but it is believed that there is a grade at ¢ or beyond which — 


flush-tanks are ‘not required, and that if the distance to which the 


“flushing ‘power er extends” is a functio tion of the ‘amount of wate 


charged, then this amount should be less on the grades. 


again to Mr. Odell’ paper, it is first ‘noted that at 
, with grades of from 0.5% to 6% no flush- -tanks are — pend — 
| hand-flushing twice a year answ ers every purpose, 


the discussion, Mr. Hering says t that on Tight grades flushes 


ht andred feet the pipe, and that sometimes es after, 500 it. he 


had been Leone to detect wade difference i in the flow due to the tank. 


recom-— 
mended £ tanks only on laterals ‘of ‘than 0. 0. 5% ‘grade, for 
five years the : system has been in operation 1 with but few stoppages. 
Mri Folwell: writes that in his experience he has omitted flush- 


tanks on grades from 6% to 12%, and on the 63% grac ‘no toppages 


re discovered, nor were there any odors. re 


= purpose, for where grades a are ‘light and the flush 1 most needed, a 
do the p poorest work ; and the large quantity of water ‘needed, to be 
effective, Re by some other means. 
Mr. Odell that: flushes of 200 galls. or less fail flush a 


sewer: properly, on “flat grades where ‘flushing 


by Mr. shows that on grades greater than 0. 5% 
velocity of more than 2h ft. per second is maintained over 1 


In order to ‘obtain into engineering f 


the matter, and, at the same time, reap the » benefit of any experience 


q teenie ime, reap th 
which was to ‘be had, the authors sent out on January 17th, reply 


To aid me i in deciding as s to the necessity for flush- for 


— 
— 
— 
— 
| 
— 
| 
— 
— 
— 
K, DUC On lesser grades the velocity aro to 
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OGDEN oN FLUSHING IN PIPE SEWE 


eh .—Do you find flush-tanks a necessity, o1 or is periodic hand flush- 


ing sufficient tokeepsewersclean? 


IL. —Does the element of grade affect, the question, and within 


Thsaking yes in advance for your kind assistance i in this matter, 


Engineer, Ithaca Sewer Commission.’ 

ese 


ree were . reported i in The Manual of American: Walter Works for 1897 

as having separate or ‘Sanitary sewers. Bightye answers were receiv ed, 

and 

appreciated. told by them in nearly all 

cases. would be pleased to answer your questions fully, but 
the that I can do for you,’ “ This is only my idea, while Ican 

readily ux understand that what you ‘want is the result of actual “expe- 

“rience,” 0 oe *S T cannot give ) you the desired information, but ut would be 7 


‘thankful if you would let me e know the result of your inguiry.”” 


eighty replies s seventeen had no opinion on the 

= twelve had experience only. with combined systems, but had, accord- 
= a ing os their replies, found no trouble in in keeping the ends” of © their 
= 105 ‘in. ond 12- in. laterals clean with rain or with hand- -flushing, 


Twenty- six of the eighty us used d periodic hand- flushing and found it to 


answer every purpose lean and free from 


~ structions. Twenty-five either used flush-t tanks or considered thema 
necessity for small pipe sewers. ‘It was not possible in these last 2 an- 


evidence is very clear. ‘The fact twenty-six 
hand- d-flushing sa satisfactorily indicates ‘that such flushing is sufficient. 
That i it must be Properly and regularly done, is 


_ 
— 
4 
— 
a" 
— 
— | 
— 
Phe Testits given below ina brief summary chiehy show how 
tain and vague is the knowledge on the subject, and how necessary 
— 
i 
= 
— 
— 
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OGDEN on FLUSHING IN PIPE SEWERS. 


by the fact that, out of the twenty. -five believing in flush- tanks, nine 


had tried hand- found it uncertain and ‘irregular, and 


pinion 


after disgusted with the uncertaint 


To the second question, only twenty three of the fi 
: ... opinion. _ Of these, eight thought t that the grade did not affect the 


question, but that flush-tanks were as on as on flat 
grades. — One. engineer explained his | position hy saying that while the 


velocity on the steep grades: might be be greater, yet as the depth v would 
be less, the transporting power would less, and therefore were 


the fifteen v who thought that tanks are not 


six were the last question, “whether the 
omount of water in the flush- sen. should t be varied with the grade of 


AD 


“the ‘sewer. Of these, two thought that 1 no no difference should be made; 
_ three thought that less water could be used | ont the he steeper grades, but | 


known en, engineer, er, who has thoroughly s 


tudied of the 


a 4 sewer } system t under his care, writes that he finds one flush daily on a 


had no definite te the relative while one well- 


5% grade, each flush 


: laterals; , that this ma may be a accomp 


the use of automatic tanks; that if satin are used, less ¢ care spite —. 
dance ar are e required i in inspection and ov ersight, but if. "they are used, a 


the ene aminat mination of ite system, which not b be om 


Sipe. 


occurs below the effect of the flush, ‘a serious nuisance may result; 
that if hand- -flushing is used, a constant and regular inspection 


= ‘must be although actual flushing be required only 0 once 
month or less. 
known, nor the relation between amount and grade. 
~ ith a. view of obtaining mor more information on this apparently nal 


studied | subject, the author carried c on some panei in a the 8 spr 


— — 
— 
= — 
— 
— 
| — 
= 
— 
¥ and nine fixed the limit at from 0.5% to 3 per cent. Four give 1% as ul re) -s a 
— 
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7. He was assisted by Mr. I. W. McConnell, C. E., who had 4 


been the writer's valued assistant on the construction | of the Ithaca 


sewer system for two summer vacations. The of the experi- 4q 


“ments have been recorded by Mr. Me Connell i ine a the esis for the degree 


of Civil Engineer i in Cornell University. 
The sew on n which the experiments were e, and which Ww 


chosen so as to 9 afford av a variety of grade, with as long lines as possible, — 
all 8-in. pipe, and each had ¢ at the “upper ¢ end io manhole 


4 ft. in diameter at the bottom. — Flush- tanks < of usual commercial | 
pose discharge | at a rate of about leu. ft. per second, and, by repeated 


cperiment, the opening from the manhole ate the sewer was reduced 
such a size (about | 5 ins.) that the ; rate of "discharge varied from q 
u. ft. per second for 4 ft. head in the manhole to 1. Leu. ft. 


FORM OF FLUSH WAVE. 
QUAN, OF WATER=40 CU. FT. 


AVERAGE 3 FLUSHES 


TIME SCALE IN MINUTES. 


= 
‘These: conditions it was. thought approxi- 


“tick the back of the manhole, an plug. 


‘The manhole was filled to any desired depth by “means of fire-hose 


"attached to neighboring hydrants, and then, by means of a ana 3 


fastened to the stick and to the of the manhole 


were discharged into the sewer. capacity of the manholes at 


depths varying by 6 ins. was determined by measurement, so thet 


— 
of 189 
— 
| 
| 
ted closely enough to th “held agninat the end of the 8-in 
ing was 6 ins. in diameter and 
— 


by 


ne. No of the velocity 


4 


of the wave were @ made, the e e effect being judged wy te depth of the 


be 


wave, and by t the force shown in moving gravel, ete., placed in the 
‘different manholes. The wave > depths + were read by different observers 
ble 


— 
stationed in n the manholes, where they recorded as ‘rapidly as possible 


every seven seconds) the depth a: as marked on a vertical | 


scale placed i in the sewer. Figs. 2 to 5 _ 


wa 


To test the transporting power of wave a 


- gravel o of various sizes, coated with paint so as to be Fecogniseble, 
placed in the i inv verts. at the “manholes. A cor considerable growth 
of what was apparently of vegetable origin bad become attached 


‘this ‘growth was also_ noted. The order of procedure | wa 


examine and note the condition of the line, and, after the 


ete., to make ke a number 0 of flushes, each of 20 cu. ft., 


the sides and bottom < of the pipe, and the v alue of: ‘the flush i in semov= 


the result 


the respective were ere noted. The, either the 


by a rubber-e Piston- like cleaner, or 


hole p was scraped by 


the different lines: = 


No. 2 2.—GREEN STREET ER 


 Erre 
Manhole No. 2. | 


Scoured clean. 


stones 


erally 


he examination of the pipe sho v 


— — 
— 
— 
iii 
if 
— 
— 
— 
— 
a — 
— ive the results on™ 
|: 
Before commencing the work, 
and toorth ions, but there was a small depth 
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"light growth 0 on | the sides and bottom of the pipe. gerne of all 


hole by the f first flush was not brought to No. 2 until the 80- ou.: a 


FORM OF FLUSH WAVE. 
QUAN. OF WATER =40 C. FT. 


AVERAGE OF 3 FLUSHES. 


THS IN INCHES. 


wee SCALE IN | MINUTES. 


flush was put i in, and no of No. 2 was 


Now o. 3 by an any of the flushes. After the seventeenth flush as above 


- pipe was thoroughly scraped and cleaned, , and flushes eighteen to 


twenty- -eight made. Similar results were obtained, except, that the 


pared carried the gravel: _sbout 200 ft farther than and 


seemed effective fc for that distance. 
ABLE No. 3. —CayuGa STREET SEWER. 


Manhole No, 1. Manhole No. 2. Manhole No.8, | Manhole } 
Noeffect. No effect. 
not 
{Some vegetable 
‘Partly scoured. 7 growth 


__ In Cayuga Street there were ere a few few connections and little flow, so_ 


‘ that the condition of the pipe was very foul; there was also a heavy 
vegetable growth i in the pipes. tie 


sizes placed i in the pipe at the flush- -tank ae wears through to man- . 
pre No. 1 in two flushes o of 2 5 eu. ft. each, the first flush alone not — q 
being sufficient. The gravel scoured | out of the bottom of No. 1 man- 


DEPTHS ININCHES 


| 
‘ 
— 
im q 
— 
> 
im a 
q 
4 


there were no No. 1 to No. 2 was slightly 

and very foul the remainder of the length. _ There were two house 

connections on the line. . Five flushes < of 20 to 60 cu. ft. were made. 2 a 


| | CAYUGA ST. 
FORM OF FLUSH WAVE. 
QUAN, OF WATER=40 C. FT. 
AVERAGE OF 3 FLUSHES. 


S 0 
SCALE IN MINUTES. 


res 


ch as very effective, one apparently as much so as another. — an 


obstructions introduced were removed at once from om manholes Nos. 


and 2. a. steady flow lin. deep from the hose carried everything 
“forward at once beyond No 2and to to the flatter grade. 


TABLE No. 4. —Avror: 
= 


Volume Manhole Manhole | No.of 
Flushes. 


( Water dirty; some } 

vegetable growth 
came through 
A few stones disturbed . 


Manhole | Manhole | Manhole Manhole 


No. 2. No. 4. 


— 
— 
Se set — 
— 


¢ the Aurora Street line, the was very chiefly from 
connection at the upper end. The vegetable growth was 


On Buffalo Street, where the grade is about 12%, the effect of the © 
flush was Where any sewage at all flows i in n the pipe, it is 


| 
AURORA st 
FORM OF FLUSH WAVE. 
OF WATER=40 CU. FT. ue 


* 
€—NO.-. 


TIME SCALE IN SECONDS. 
sufficient to remove all obstructions. A flush of any volume 


down the hill at a high velocity, with piston-li -like | ike action, » and sweeps 


‘Table No. 6 gives the distances and grades between manholes on 


AND Stopes BETWEEN 


St. | Cayuga St. Avrora St.| First Sr. St. 


tage. 


x 
Distance in 
Grade | 
percentage. 
Distance in 
Grade 

percen 
Distance in 
percentage. 
Distance in 


percen 


Grade 


320 | 0.89 | 177 


manager of the Van Flush- “Tank Company gives: his 


ractice in proportioning the sizes of - flush- tanks for any particular 


Bs: 
— 
— 
— 
— 
— 
| 
= 298 | 1.31 0.50 | 278 | 2.70 
“Manhole No. 8 to Manhole | 0,52 | 950 | 418 | 1,02 | 994 | 0.57 
— 


sewer, as follows: The capacity of the ‘should equal to 
on one-half that of a length of sewer i in which the grade produc eves rij 


to the of the pipe; > that on Green Gtreet line, 8 


+x 100 j in length, o or 23 eu. . ft.; and for a 1% grade one 


or Ze 


or uM. 5 cu. ft. ‘He ‘says further, and the. statement nt has 


or one es author’ 8 work, that an 8-in. pipe on a 0. 4% grade 


dis shargin, n the b 
come down as a aan piston for any discharge greater than 14 cu. -.. ae 


~The > manager ¢ of the Pacific Flush- Tank C Company writ writes that as a haat. ce 


+ 


inte | he does not interfere with engineers in their design 5 


but, in his 0} opinion, a flush of 175 galls. on al% grade i is ‘sufficient, and 


on any flat flatter grade | twi ice that ar amount of water should be used, or, 
other words, a as he says, 


Conclus —The following conclusions are based upon da on this 


subject p hed previously; upon the of engineers 


different: parts of the country; upon the flushing diagrams published 
recently | by J. W. Adams, and observation and the ‘special 
"experiments made i in it is believed that they are justifiable 
and are a safe g guide as as to the use of flush-tanks. 


Bis (1) ) Flushing of some sort is nequined at the upper ends « of omel 


on the werd ai size of the sewer, on the character of 
construction, s and on a something which defies defini- 
thon, but which produces. ‘frequent accumulations in one line and does 


not affect another, apparently | like the the first. Airs 
(2) This variety in conditions: prevents ong exact statement of 


a relation between the ‘quantity y of wat er which should be discharged _ 
a flush- and the grade of a sewer, but it plainly i indicates 
that the > advantage of automatic flush- tanks lies i in a general guarantee 
bd insurance “against accumulations in the upper part of the laterals, — 
eehite periodic hand-flushing must be depended o1 on only when i in charge 
of. a and intelligent caretaker 
8B (3) Judging by the experience at Ithaca, and despite the statements: 


. of ol engineers, it seems to the sulibae that on grades of less than 1% 


4 
: 
— 
— 
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 @ automatic flush- tanks ‘ere an economic necessity, even where 


has to be paid for, the added expense of eneenl hand- flushing 
than « off-setting the possible discharge of flush-tanks when n 


‘= 
 @ The volume of water discharged should not be less than . 40 ¢ om 


ft, and the effect of the flush can hardly be > expected to reac reach more 
than 600 or or 800 1 ft. Below this point accumulations may occur which 3 
must be remoy ed by hand- flushing and carried on to a point where the 3 
flow has the necessary transporting power. 


On flat limes ands ‘where obstructions occur below the 


of three times. its ‘discharge. 


~ 2 (6) The e frequency 0 of discharge should depend. on the local saa 


tions, but it is probable that th the maximum | interval depends on on the 
practical working of the siphon, 80 so that the usual prescription ofe once 4 


in twenty- -four hours is a safe rule. 3 


a) If tanks: are | used on grades greater than 1%, 15 15 to 20 cu. ft. give “ 


a as ‘good re results as amounts, with the same rule as. to 


(8) However, economy is best on above 6, b by omit-— 


“ting flush-t tanks, and resorting to “periodic flushing ‘at such 

% intervals as experience shows to ‘be. necessary on the different lines. ; 
most cases semi- or or quarterly -flushings, with a hose, are ¥ 


a 0) Hand-f -flushing should be performed = 4 
night, as a flow of even an inch i in a sewer . offers a large resistance to 


_ the flushing action; while, with a Pipe flowing half full, the effect of a . ; 


— — 
— 
— 
a ush-tank, placed about it. from the 
ing the first tank to acapacity 
— 
— 
— 
— 
— 
— ry,und 
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ON FLUSHING IN” PIPE SEWE 


SION. 
M. Am. Soc. ©. —Words of encouragement Mr. Hering. 
shoul be > given t to every one who finds and utilizes an opportunity to a 


_ The experiments described in the paper are valuable, so far as 

they go, and furnish data from which a better judgment, than was 

possible before, can be obtained ona number r of points. author con- 
fines his recorded experiments to 8-in. pipes, and to the same awl oe 
-.. “ flushing water in each case, varying only the gradients of the pipes. ae 


The answers received in response to the postal card inquiry indi- 


cate first, that occasional flushing on low below 


and, secondly, 
automatic requires less and lees vigilance 
hand-flushing, though, without proper inspection, the former allows, 
as he says, ‘‘a serious nuisance to ) result.” * The speaker thinks ‘that — 
the automatic flush-tank should not in any measure be made responsi- . 
ble for “‘the serious nuisance,” but that the responsibility, in such Pa: 
ar cases, is entirely due to the failure of sufficient or efficient eee, 


ae ‘but by filling a manhole with an quant of water and drawing a een ‘ 

_ by which the water escaped into the 8-in. sewer, through an opening 

ae 5 ins. in diameter cut in a pine board. pe ‘This « circumstance should be 
~ emphasized a little, s so that the results may not be e quoted as  applyi ing res 
to automatic tanks. fi In the latter the rates of discharge and the veloc-— 
ity of the water issuing from the tank will differ, although not mate- 
from those of the former case case. 

Iti is also a advisable, i in such « aetna to have the veloc ity of the i 


= 
S eloatiey will be different when the water is rising from that which ob- ae 
tains when the water is falling. The usual formulas noac- 


icker 


arrives at this place. Further, the dee of head in the cleaning pr poets, 
by loosening and carrying along deposit and sticky material would — 
such were made. 


— 
ms 
— 
— 
— 

— 
— 
3 
3 

7 whether automatic flush-tanks are used or not. 

a — 
| 

— 

— 

— 

— 
ig 

iin 


ree 


become more common. It was almont nowhere in America 
7% The principle that ‘long lines of flat grades require greater quan- -= 
_ tities than short lines of steep grades’ was then well recognized in 

_ Europe. Small tanks were used only at the heads of short or ‘steep 
_—- sewers, where flushing requires but a small quantity of water. For 
flushing large sewers on flat lat slopes, the sewage itself was stored for 
this purpose in n large q quantities, or ground- water was collected in a 
large cisterns, because in these cases a large quantity of flushing = 
_ water is required. It had also been stated in Europe that daily flush- = 
_ ing with automatic tanks was not everywhere considered necessary. a 
it was the prac tice then, as it i is now, to flush the smaller sewers by 
% hand at interv vals vs varying from twice a week to twice a month. “a a : 
‘The assertion made by the author that automatic fiush-tanks | cause 

an additional expense of more than 8% of the cost of the system fe 3 

hardly fair. He estimates $50 as the cost of such a tank, but appar- 


overlooks the necessity for havi a manhole at the head of the 


a 


? necessary ache for flushing, or $15 to $20 instead of $50. 


- He also charges the flush-tanks with - the annual expense for 

¥ water and more intelligent maintenance. doubt 20 cents per 

7 thousand gallons 1 may be chargeable in some cities, and where } private 4 4 

= 
a. companies have a franchise granted on liberal terms; but the average _ 

A cost of water in American cities is by no means so great. + Its average 

= value i is much less, and in many cases is less than half of that figure. 

Ps _ The author’s deduction that the cost chargeable to flushing sewers 


G emanaie to about one-half of the construction account is, therefore, 4 
_ wide from the true mark, if it were generally applied. In the case of 4 
Ithaca, this conclusion should be modified, not only with reference to — 

a 7 3 the cost of tl the tanks, but also with reference to t the annual charge o of 
= to examine and adjust 131 tanks. This cost is quite excessive 

his opening paragraphs the author makes a rather sweeping as- a 

regarding the present extensive use of automatic flush-tanks: 
for small pipe sewers. some cities, par ticularly in those having 
adopted systems on the recommendation of Colonel George E. War- | 
—s ing, Jr., a very extensive use has been made of such tanks; but in most 

a om others their use has been limited to cases where they were more eco- 4 

‘nomical | than hand- flushing, which fact needs: determining in 7 


> JSSION ON FLUSHING IN PIPE SEWERS. 
ae 7 Mr. Hering. 1 experience with flushing sewers dates back almost = 4 
fifty years. In the speaker’s report on this subject in 1880,* the 
= 
4 
it 
— a 
— 
i 
— 
— 
3 
| 
«| 
— 
— 
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1.08707 1 min. 


23 

2 min, 


«3 “ 
“ 
> 2.45" 1,05 « 10 « 


0.52 


V> 1,897 
ithe “ ps 


Pipe. 30 Gallons 


“ “ 
15 “ “ 


flow at the and to the slopes of the sewers. 


— 
4 
— — 
— 
q iw 


The depth, of itself, irrespective of the velocity, has nothing t to do o with a 
. this power. ; Suspension in running water, and, even more 50, the 
scouring power, are almost wholly functions of the velocity. In two 
streams having different depths, but equal velocities, the suspending 
and scouring power of the water will also be about the same. 1n two 
‘streams of water having equal depths, but different velo elocities, the sus- _ 
pending and s scouring power will again depend practically on the — 
material which is taken out of when it is flushed 
quarterly or semi- annually, is sometimes a growth, mycelium— 
4 the fungus growth in the sewer. + It is, , perhaps, not offensive, but it 
obstructs the flow and makes necessary the flushing of the sewer to 
obtain the full capacity again. At Colorado Springs, Colo., this = 4 
fungus grows at such a rate that if the sewers were not cleaned out © 

often, they would be completely closed up. The speaker was ‘prese 

Ww yhen flushing was going on, and was s astonished to see the large mass — 
of fungus, amounting to several cubic yards, which came out of the — 
sewer withinafew minutes, 
a _-Referring to the conclusions at the end of the paper, the speaker q : 
is at a loss to understand the 4“ mysterious something which | 
defies definition,” but which is said to produce frequent accumula- 
tions in one line of sewers and not in another. Such a mystery has 
never seemed to arise in the speaker’s experience, and if the cases are 

_ sufficiently analyzed, he doubts the existence thereof. If, on one 
hand, the nature of the sewage ‘discharged is « observed, and, on ‘the 
other hand, if the actual velocity measurements are made, as sug- ; 
above, any mystery would probably disappear. 

Another conclusion states that ‘‘a flow of even an inch ina sewer 
dann large resistance to the flushing action. oll This statement in ‘its 
implication can certainly not be correct. Sewage is but dirty water, © 

and whether the first inch of flow is sewage or clean water should — 

make no practical difference in the velocity of the flushing water. — 
‘Certainly the flow of sewage would not offer a large : resistance when — 
the flow of clean water offers but a slight resistance. ~The deposits to 

be overcome are, of course, supposed to be the same in both cases. 

_ Therefore, the speaker cannot agree with the author’s proposition that 
flushing should be done at night. _ On the contrary, to give the best 4 ; 
effect, it should be done when the flow of sewage is greatest, that is, 
in the forenoon. The flushing water, when added to the sew age, will 
increase its flow, and, therefore, also its velocity, its ne and its 

cleansing effect, to the greatest extent. 
ma, The author’s diagrams, representing the results of some of his ex- a 

periments, are very interesting and valuable. They: are so that 


nates that the suspending and scouring power of 
— 
— 
— 
| 
— 
— 
= 
q 
— 
— 
— 
— 
4 


04 anp yjdap emoys aun 


s. 


IPE SEWER 
a 


> 


a 


ter 


NG 

= 

sayoul 


N I 


I 


give 


29°0 


ON FLUSHI 


ina 


SCUSSION 


I 


4 


— 
— ia 
Ti 


DISCUSSION ON FLUSHING IN SEWERS. 
Hering. the axis of is the scale, and athe ordinates 


the effects of sewer flushing. These are sl so that the abscissas_ q iy, 


represent the distance traveled by the flush wave, and the ordinates 

“4 the velocity of the water. 4 To enable one to further appreciate | ie these 
results, another plotting is possible, partly combining these two 
4 methods and letting the abscissas represent the distance or length 
_ of flush and the ordinates the depth of the water. The advantage of 
this plotting is the possession of a true profile of the sewer and of the 
- flush wave, in in which one can see its length : and depth : at a glance, while 
the velocities are written down in figures above. The Ithaca data are 


thus plotted in Fig. 6, and the Adams’ data in Figs. 7, 8 and 9. — 3 


James H. Fuertes, M. Am. Soc. C. E., has kindly assisted the 
in replotting the above-mentioned diagrams in this manner. 
‘The Ithaca data 6), thus re- plotted, show how the velocity 


— depths of flow up to which the necessary cleansing velocity is main- 


tained. also show by figures how long such velocities continue. 


stated above, these velocities were not measured, but merely com- 
puted. . They w would, therefore, be somewhat different in practice, but 
how much is not yet known. Asan example, when the flush wave is 


highest, a velocity of more than 2 ft. per second is maintained for only a 


a one minute, and it extends less than 500 ft.; when the water flows at 3 ‘. 
this height, the velocity has continued for over five minutes, and for 
“a” “4 this length of time it extends only about 400 ft. ; and when the water 
; flows at 4 its greatest height, a velocity of over 2 ft. per second has 
continued for about 7 minutes, but for this length of time has extended | 

This diagram clearly shows the well-known fact, that the greatest 3 
benefit from flushing is obtained by 1 maintaining the cleansing velocity 
as long in time and as far in distance as possible. It is, therefore, de- 


_ needed to obtain a required and definite result in | a sewer of a given 
‘size or slope, a1 and the s work materially facilitates. this det ter- 


_ sirable to determine for each case approximately the quantity of water =I : 


the a valuable ice in the results of his 
flushing of sewers, but the speaker regrets that more data, 
covering a wider ‘gauge of conditions, were not incorporated in the 
= and would respectfully suggest that the records would have 


water i in the flush-tanks as well as in the manholes. - The pages of the 
is Transactions of this Society are the proper repositories for as _many 


been more complete had he given the elevations of the surface of a & 
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DISCUSSION ON FLUSHING IN PIPE SEW ERS. 
Mr. pore. such | records as can be obtained, and 3 it is to be hoped that in 
closing” this discussion the author will offer as much matter as is 
The data presented by the author permit the drawing of some in- — 
teresti _ inferences concerning the changes, as to form of wave and — 
--velocit, of flow, , taking place i in a quantity of water ‘discharged sud- 
- denly, under a head, into a sewer; and permit the correction, by 
. _ graphical demonstration, of some popular and fallacious notions con- 
cerning the action of a flushing Wave in a sewer. _ The idea is 
commonly expressed, even to-day, that » tob be effective as a flush, the : 
water must shoot through the sewer in a solid body like a piston. 
- That this is not true will be demonstrated presently, 
Sw conclusion 10 the author makes the following unqualified state- 
‘while with a pipe flowing half full, the effect of a flush-tank 
scarcely. -yisible.” By this very assertion he creates: the 
. impression that no matter how large the flush-tank, or under how great — 
ea _ a head it is discharged, the pipe would not run over half full. Surely — 
this is not the meaning intended to be convey ed. Ba Sone ale ; 
‘The speaker’s hopes were raised to a high pitch, in reading this — 
. paper, r, when the author proposed the consideration of the hydraulic | 
_ problems involved in flushing; but a careful perusal of the pages a 
followed to the ‘Promised consideration of the 7 


Sewer ers al are fushed soils water to clean and wash them out, onl to i; 


72 


are, first, , to and dislodge the deposits; second, to oury 
in in the the matter thus dislodged. The question 


aa same moment at any given point, or, if not, when does cette S f 
a The scouring power of the wave will be greatest when the ve velocity a 2 
4 at the bottom of the pipe is at the maximum. The transporting i 
_ power of the wave, on a given grade, will be ) greatest at a certain 
q point when the mean a velocity at that point is greatest. The conditions — 
_ for maximum scouring power and maximum transporting power are, "i 
4 therefore, not coexistent, because the maximum scouring power is at 
= toe of the wave as it descends the sewer, while the meximem 
transporting power occurs at a later time. On the diagram, Fig. 10, 
shown form of the flushing into the Grom Street, 
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‘DISCUSSION: on FLUSHING IN ‘PIPE SEWERS. 

Mr. Fuertes, manholes, and the positions of the toes of the waves were sahenpetitalie if 
i _ the remaining portions of the curves are sketched in. The velocities 
to the greatest depths of flow were calculated by the 

= 0.013). The velocities marked for the toe of = 3 


woes are the « components, along the bottom of the sewer, of the veloci- 
_ ties of the surface of the water at the ¢ given points when the wave 
— the first manhole the sewer was nearly full, and probably had — 
been running y under a head 1 up to within about 60 ft. of the manhole. — 
After passing this point the foot of the descending body of water, 
: - under a free flow by gravity, rushed forward rapidly, the point being — 
185 ft., 265,ft., 391 ft., 513 ft., 680 ft., 748 ft., 852 ft., and 957 ft., dis- 
the manhole in 1, 2, 3, 4, 5, 6, 7 and 8 minutes, respectively. 
‘Traversing these distances in the times given corresponds to an aver-— 
age between of 2.25 ft., 2.18 ft., 2.10 


yelocities at the respective Whe the greatest depth a 
_ of flow has been reached, the slope of the water surface will be — 


i (consequently, the bottom velocity will be ‘much less) than at at the 
4 point of the wave. bf Therefore, after the natural flow ensues, the max i 
_ imum scouring power occurs at the point of the wave, and the max- 7 , 
imum imanapecting power at the moment of greatest mean velocity — 
at any section. This scouring power expends | itself jin friction pe 
work, and very little head is left for velocity, ‘consequently it has 
' aa) At any point the true flushing velocity, with agiven volume of flush- 7 
sing water, is, therefore, that due to the grade of the sewer at the time |g 
when the depth of flow gives the greatest mean velocity. With deposits 


_ loosened up so that they may be entrained in the current, the best flush, — 


in a sewer with a circular cross-section, would be that which would 1 


cause the greatest length of sewer to flow about eight-tenths full are 
_ @ considerable length of time. These remarks apply, of course, to | 
a the sewer below the point where ‘it runs full under a head. Under 
ordinary conditions, 8-in. sewers of moderate slopes will not 
, run under a head from a flush-tank for ‘more than 100 ft., and even in 
extreme cases not much over this limit. Of course, with flush-tanks | 
4 which will discharge at a greater rate than the capacity of the sewer, 
on n steep > grades, the sewer may run with full section for a consider- 
able distance; however, this condition is not frequently met in practice. — 
Therefore, the natural flow in the sewer must be relied on to do 
the cleansing. — in this discussion the term natural flow is used to 
Ps indicate the flow due to the slope of the sewer only, not to any « ex. 


< traneous head from the flush- tank. A steady flow of water of consid-_ 
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'USSION PIPE SEWERS. 


erable depth for a time, repeated at certain. Mr. Fuertes. 
would, under most conditions, therefore, be of greater benefit than the 
frequent discharge of small flushes at the upper end. When a small fe Ae 
flush i is discharged from a tank the maximum depth of flow at different :. 
i a | points will diminish as the wave descends the pipe, and, consequently, — a 
-* the farther aw ay from the tank the less the transporting power of the — 
wave. Particles that were picked up or rolled along by the current 
at certain points would be deposited again at points further down, 
and the power of the flush from a tank to remove these degedtie « will it 
cease beyond a certain distance. 


es 1% The matter which i is most difficult to dislodge from the bottom of 


and slime. . ‘The discharge from a flush- ‘tank i is of great value 


_PROFILE OF PART OF GREEN ST. SEWER, ITHACA, N.Y. Bye 


VOLUME OF WATER DISCHARGED=40 CUBIC FEET. 
DATA GIVEN BY H.N. OGDEN, AND RE-ARRANGED BY JAMES H.FUERTES. 


loosening this up so 
This graphical illustration of the form, of the flushing wa ave dispels 
the illusion that to be effective the flush must. go down like a piston. | 
That the best results follow the use of a deep flow of water for a con- 
siderable length of time, has long been understood and recognized in _ 
England and Germany. Numerous_ cities could be quoted where the 
‘provisions for flushing have been. designed a on this basis. At Munich 
and Frankfort, for instance, very large underground reservoirs are 
built at the heads of several sewers, and provisions are made for __ 
diverting the water into different branches and creating a deep flow for ars 
a considerable time. In tl this system 0 of operation the idea of a plug of 


poe does not enter in any way ; the whole eae — being de- 
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’ DISCUSSION ON idsiiiail IN PIPE SEWERS. 


Fuertes, pendent ‘upon the flow of water hed considerable ——. 


tively small quantities of water. This may be done either by auto- 
matic flush-tanks, a hose or by. a water cart. The method to be 
adopted wi will be e the of local conditions. 
tie flush-tanks for all dead ends of | sewers on all grades. ‘The 
necessity for flushing exists on steep as well as on flat grades, for the 
_ purpose, not only of removing actual obstructions, but for preventing — 
= growths of fungi in the pipes, , for preventing the formation of 
obstructions and for aiding in the ventilation of the sewer. — The 
on reasons that he favors the use of tanks are: the potential guarantee y 
against trouble, as stated above, and the cheapness 7 the method, as 
- compared with other systems that are equally safe. ea 


pa The author makes ov out a bad case equines automatic flush- tanks, = 


in the first sens it is peree- that the cost of the flush- tanks should be 4 
_ estimated at $50 each. . This is between two ‘and three times the 
~ amount they would actually cost ; as the manhole at the end of the 


sewer would be a necessity in any event, and as the amount charge- om 


able to the flush-tank should be the cost of the apyeceies and the cost: 


of the labor for placing it in position. 
He estimates the cost of the tanks: ‘at about 8% of the cost of the 


aystem, and adds that their use increases the cost of the separate = 


_ system by nearly one-tenth. This argument against the use of tanks — 


= be applied with equal f force against the use of manholes, which — % 
are provided principally in order to locate obstructions should they — 4 


occur, and the cost of which constitutes about one- fifth of the total — 
_* of an ordinary system of pipe sewers. He estimates the total — 
- of water at $3. 93 per day, or about $1 434 per year for flush- 


ing the Ithaca sewers. ‘This amounts to about $0.15 per mile per 


If these sewers were to flushed entirely with accumulated 


sewage by means of hand gates, without the use of city water, one 4 
man would have to keep clean about 10 miles of sewer per day in 


q coder ( to ened re cost of flushing as little as the cost of the water 
. The cost of the 
necessary hand special constructions pow would not 


the repairs would not be much less, and the cleansing received by 
this: of flushing would not bes as satisfactory i in in pipe 


be much less than the cost of the siphons for the automatic tanks; 


| 
_able to this method of flushing, and then it not 
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ON FLUSHING IN PIPE SEWERS. 

capitalizes the annual expenses chargeable to flush- Mr. Fuertes, 
tanks at about $40 000 and compares this with the actual cost of pipe — ile 

| 
laid. The comparison is meaningless, because the costs of water and 
maintenance are charged to the flush-tanks. These items should be Bol had 
_ charged against the sewers, as the expenditure is entirely for the pur- oe = 


* flush-tanks ‘should be the interest and sinking fund oi 
cost and the actual labor for their maintenance. 


steep it is possible, as the 
‘flushing may be quite satisfactory if properly attended to. As. 


most towns She number of such sewers is generally quite small, the 

omission of flush-tanks would probably cause a greater expense outa 
maintenance than if they were provided. 

the author’ s ninth conclusion, “on grades than 


the is not in accord where such steep grades 
occur are comparatively rare, and no great mistake will be made by Fe 
i using flush- tanks at their upper ends, and if there is any mistake it izes # Mee 
will be on the safe side. It must not be lost sight of that: these - very 
heavy grades occur nearly always at the upper ends of the long a 
oe sewers, and that the current of air through them will generally, oe 
S though not always, be toward the top, at which point disagreeable 
odors will be notice if the Sewers are not kept clean. 


a lie laboratory recently instituted at Ithaca by the College of Civil 
‘ ia Engineering of Cornell. University, with which the author is con- 


sble experimental data, and he hopes that the 


the benefit of the work that may be done there. wigan nemg: 


_ G. W. Tutson, M. Am. Soc. C. E.—In Omaha the speaker onee | Mr. Tillson. 2 


had an opportunity to see a good deal of the fungus growth alluded aa ne 
tot by Mr. Hering. When the Omaha separate system was first con- 
7 structed, ‘amain sewer was built along: the bluffs, and small 6-in. sewers 

were built at right ring thereto and running up sane the busi- 


heads of these lines, of some trouble over some 
of the flush- tanks were not effic sient. The grades at the lower ends of 
the sewers were about 6 ins. per 100 ft., while at the: upper ends they 
were from 5 to 8 ft. per 100 ft. A year or so after the sewers had been ie 
constructed they became stopped, and wy examination were found — 


impossible to flush oom out with water, they had to be cleaned out ie ae 


4 
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Having been built without manholes, it became necessary to dig down 
aa 


CUSSION on FLUSHING IN ‘PIPE ‘SEWERS. 

Mr. Tillson. mechanically. a The sewers gave this trouble as long as they w were m 

ase, and finally they had to. be enlarged. As the system was ex 

tended, and fiush- tanks, which flushed every twelve hours, were built 
at the upper ends of the lines, all such difficulty w was avoided, and, 

: et, _ with the exception of the first four or five lines that were built, there — 
was no trouble at allfrom the fungus growth, 
_ While at Omaha an opportunity was afforded to witness the 
; efficiency of a good flusl flush, although it did not come from a flush- tank. — 4 

a The s speaker had charge of the construction of an 8-in. sewer, , which 

- emptied into a 12-in. sewer. The trench had been back-filled for about 


- 3800 ft. and a manhole constructed at the upeee end. A storm arose, 


‘washed, and after the storm a large hole was f¢ found i it. Whether it : 

had been broken in by some miscreant was never found ‘out, but 
- the manhole was found half full of mud, and it was presumed that 

sewer was shout the same condition. Half down to the 


ind The contractor looked decidedly blue, thinking it would be necessary 
take up the entiresewer, clean outandrelay it, 
“A The soil in the ‘Missouri valley, « or in the is well 


F digging down at that point the sewer was found to be full of mud. a 3 


to the After the pressure, at that point wasabout 
_ 90 Ibs., had been applied for several minutes, the mud commenced to & 
Fa and ina a short time it was s driven out 0 of the pipe f for 150 ft. The 


sometimes sufficient. The ‘speaker w ould like to know what kind of 
matter is swept out of a sewer by those flushings, or, , particularly, . 

¥ whether it is sediment from the sewage itself or sand that has ac- 
_ cumulated? It is important to keep a sewer reasonably clean. - Tt 

_ sewage remained, it would become nearly as foul and objectionable i in 
a action of one ‘month ai as it would in at any y portion nof a year. If the 
is simply to the sewer from sand oud restore its 


— reference to semi- i-annual or flushings with are 


me 


> 


— 
: 
— 
| ee _ _ sewer for the whole length of 300 ft. was cleaned out simply by 
— j flushing; the dirt coming out at the lower end inthe form of a sausage. 
course, this was only possible because of the nature of the soil, 
which. as above stated. is verv slippery, and when wet js almost like 
= 
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DISCUSSION ON ‘FLUSHING IN PIPE § SEW ERS. 
Am. Soe. C. E.—This paper - 
: that it gives the results of observations of the form and intensity of - rh 
the flush wave in small sewers and conclusions based on the author’ ee 


some upon the in the writer’s 
should not be less than 10 to 15 galls. second Sor 10-in. 
yers on grades less than 1 per r cent. we 


_ The author’s conclusion that flush tanks may be profitably used at 


the flat causes it to drop sediment, ‘which has been 


ol The economic regulation of the flush-tanks on a sewerage system 25 
is not easy, and can only bes ascertained by experiment, as the the quantity = btn 
of water necessary will vary on different lines. 
_ The conclusions reached by the author seem to the writer to be 
co onservative, and to agree closely with the results of his own observa- = 
. J. Le Conte, M. Am. Soe. C. E. —The necessity of flushing the Mr. Le Conte. a é 
“upper ends of laterals is generally conceded to be a good | cae 7a 4 
measure. The three main principles to keep in mind are efficiency, 
economy and elasticity. By elasticity is meant easy adaptability to 
all natural changes in in the conditions of in the ‘Sewers of 


the writer that the use of fire hose or a with the 
water mains of the city fulfills these three to 

 Flush-tanks are « expensive | and 1 require more or less attention all 

the time, in order to maintain the flushes at suitable intervals. = _. ts 
avoid vexatious interruptions, the common practice is to increase the aa 
‘supply o of water to each tank, thus shortening the intervals between 


i Where a city is largely ‘supplied wi ith flush-tanks, the ‘rife 


? waste o f water due eS to this cause is something almost in- 


3 
& 
y 4 
; 
> oth separate and combined, and has closely watche 
to determine, if possible, the relations between the grade of 
sewers, the amount of water necessary for flushing and the 
application, but he has been unable to arrive at any 
g =a exact results. The condition of the sewers, whether clean or foul, — 
4 or rough, has a great bearing upon the amount and rate of 
a 
q 
— 
— 


_ Mr. Le Conte. use flush-tanks on a 


ss gewer system. This is always the case where the town or city owns | 
: _ the water supply, or where water is furnished free for all public pur-— 


 — 
— 
own passes th rly half of the 
rough the flush-tank entire daily 


